A knowledge of the environmental information of different spaces of large greenhouse is a prerequisite for effective control, and multipoint monitoring is therefore needed. In view of the problems of current greenhouse environmental monitoring, a mobile greenhouse environment monitoring system was designed based on the Internet of Things. A four-layer system architecture with outstanding motion control functions was constructed that uses mobile acquisition rather than multiple sensing nodes to realize the automatic collection of greenhouse environmental information and capture pictures of the crops with low cost. In this study, a Raspberry Pi and an Arduino chip were combined for the first time in agriculture greenhouse environmental monitoring, with the former serving as the data server and the latter as the master chip for the mobile system. Firstly, the application layer server was deployed on the Raspberry Pi, secondly, due to its compact size and stable performance, Raspberry Pi and sensors etc. were all integrated into the mobile system, shortening the physical distance between the data acquisition end and the data processing end, and serial communication was used. In addition, a dedicated communication protocol with Cyclic Redundancy Check (CRC) checking was designed to reduce data loss at the transmission layer. The data was denoised using a limiting filtering algorithm and a weighted average filtering algorithm to improve quality of the data. The experimental results show that the system can effectively realize multi-point environmental monitoring of the greenhouse.
I. INTRODUCTION
According to Ren et al. [1] , with the continuous development of intelligent agriculture and precision agriculture, facility agriculture in the form of greenhouses has begun to occupy an important position in China's agricultural sector. As shown by Zheng [2] , a greenhouse environment is an uncertain, nonlinear and time-varying distributed parameter system. Therefore, it is necessary to monitor the greenhouse environment in real time to make the greenhouse environment (temperature, humidity and illumination, etc.) most suitable for the growth of crops. Also, this helps achieve high quality and high yield of crops.
As the most fundamental and important way of achieving the automation and efficient management of greenhouses, greenhouse environmental monitoring has been studied by The associate editor coordinating the review of this manuscript and approving it for publication was Chin-Feng Lai. researchers worldwide. Montoya et al. [3] developed and integrated a multi-platform application based on Android technology and using a wireless mesh network to monitor and control intensive agriculture. Pahuja et al. [4] , Lee et al. [5] , Nagesh Kumar [6] , He et al. [7] and Du et al. [8] studied remote measurement and control technology for greenhouse environments. Ren et al. [1] combined the Internet of Things (IoT) and WeChat to design and develop a greenhouse environmental monitoring and temperature prediction system that effectively realized the lightweight design of the data acquisition end. In view of the problems faced by previous agricultural wireless sensor networks, such as high energy consumption, high cost and poor transmission performance, Chen et al. [9] designed a wireless sensor network that works within the China-specific 780 MHz frequency band and fully complies with the IEEE802. 15 .4c standard, and applied this to greenhouse environmental monitoring. To efficiently monitor the greenhouse environment, Li et al. [10] developed a common platform for an IoT measurement and management system based on an Android intelligent gateway and Google Web Toolkit remote web server, thus effectively avoiding the secondary development of web server and intelligent gateway applications caused by changes in the sensor and data acquisition unit node, and providing a common platform for the monitoring and managing of agricultural information. Guo and Ma [11] and Shang et al. [12] used advanced temperature and humidity sensors to collect temperature and humidity signals, and applied a single chip microcomputer (SCM) as a hardware core to monitor and control the greenhouse environment in real time. Zheng [13] used wireless sensors to collect various environmental factors in the greenhouse, and then adopted ZigBee technology to realize a self-organizing wireless sensor network, giving intelligent control of the greenhouse environment. Yang et al. [14] introduced WiFi wireless communication technology to design a greenhouse environment monitoring system based on agricultural IoT, which is suitable for large-area agricultural parks including multiple greenhouses. Lu et al. [15] designed a distributed temperature monitoring system for a greenhouse, consisting of a gateway module, a bus communication module, SCM temperature acquisition nodes and a bus temperature acquisition module. Kong [16] designed a greenhouse environment monitoring system based on the Internet of Things, this system uses Time Division (TD) terminals for data collection and Time Division-Synchronous Code Division Multiple Access (TD-SCDMA) wireless communication networks for data transmission.
Regardless of whether the system is designed for a single large greenhouse or for multiple greenhouses, a knowledge of the environmental information of different spaces is a prerequisite for effective control, and multipoint monitoring is therefore needed. However, the majority of currently available greenhouse environment monitoring systems, whether based on wired or wireless transmission, need to deploy a large number of sensors, control modules or data communication modules at the perceptual layer of the IoT. These systems have several drawbacks, such as high cost, unreliability, difficulty in maintenance etc.
Thanks to the development of agricultural robots in recent years, mobile environment detection system has been proposed [17] , [18] . Robots play an important role in greenhouse technology and equipment [19] . At this stage, the main research and application direction of greenhouse robots is to improve the level of agricultural intelligent automatic production [20] , [21] . The robots are mainly used in greenhouse operations such as picking, spraying, patrolling, navigation and handling [22] - [25] . For example, Acaccia et al. [26] proposed a virtual prototype for plant health monitoring and service robots that distribute local chemicals, drugs and fertilizers to greenhouse plants. This model has not been implemented in the crop filed yet. Martinet and Simon [27] developed a micro-climate multi-criteria decision-making expert system model based on fuzzy rules. In the control system, nodes communicated with each other through the WSN or with the greenhouse server. Real-time environmental data were transmitted to remote users through the noncellular network. This system separates the mobile device from the database and therefore does not provide timely feedback.
Due to the need for intelligence, greenhouse robots generally have complex control systems, which have the disadvantage of high manufacturing costs. Unlike robots, which focus more on intelligent control, environmental monitoring systems are more concerned with the effective and timely monitoring of environmental information. However, there are few studies of mobile greenhouse environment monitoring systems, especially when it comes to mobile greenhouse environmental monitoring based on agricultural IoT.
As a result, we develop a system, which combines the Raspberry Pi and the Arduino chip together for the first time in agriculture greenhouse environmental monitoring. The whole system is integrated into the mobile system, shorting the physical distance between the data acquisition end and the data processing end. Thus, the cost of data collecting and data processing is reduced, and the reliability of data transmission are improved.
II. OVERALL DESIGN OF THE SYSTEM
The mobile greenhouse environment monitoring system proposed in this study is based on an IoT architecture. Following the development of IoT technology, its architecture is becoming increasingly standardized. Several authors [23] , [28] - [32] have studied IoT architectures. Compared with other environmental monitoring systems based on IoT architectures, the system proposed in this study is characterized by its mobility, and the motion of the equipment itself in the greenhouse needs to be well controlled. Therefore, it is necessary to combine the motion control of the system and IoT technology. Compared with the automatic control function of the perceptual layer in the three-layer architecture of IoT, the function of motion control of the system is more abundant and independent. So, the motion control function as the control layer is divided separately in this system architecture, which aims to emphasize the control of the equipment itself and the environment. In fact, the adjustment in architecture is the refinement and improvement to the function of three-layer IoT architecture. The system therefore adopts an architecture containing four layers, from the bottom to the top, these are the perceptual layer, the control layer, the transmission layer and the application layer ( Fig. 1) .
The main function of the perceptual layer is to obtain the temperature, humidity, illumination, carbon dioxide concentration and pictures of the crop. By realizing control of the lower computer, the control layer is responsible for the automatic tracking in the greenhouse. It also accurately determines the location of each data acquisition point. It also controls the data acquisition mode and format, and converts and encapsulates some data at the perceptual layer. The transmission layer completes the reliable transmission of data between the perceptual layer and the server, and develops relevant protocols to improve data quality. The main function of the application layer is to implement all user-oriented applications such as data processing, data storage, data management, forecasts and early warning, service decision making etc.
The system hardware block diagram, showing the four-layer architecture of the system, is given in Fig. 2 .
The perceptual layer includes a camera, an air temperature sensor, an air humidity sensor, a carbon dioxide sensor, an illumination sensor and an AD conversion module. The control layer mainly consists of the Arduino main control panel, the LP298N motor drive module, a motor and an infrared tracking sensor. Using a Raspberry Pi as the data server, serial communication is adopted for data transmission at the transmission layer due to its relative security and reliability. The server side of the application layer of the system is built on the Raspberry Pi, including an upper computer to receive the data, a database, a file system and a web server. Of these, the upper computer is responsible for receiving data and storing it in the MySQL database; the database is used to store the collected data; the file system is used to store the greenhouse pictures captured by the Raspberry Pi; and the web server manages and views the data.
III. SYSTEM HARDWARE DESIGN A. MOBILE CONTROL MODULE 1) DESIGN OF THE AUTOMATIC TRACKING SCHEME
There are currently two cost-effective forms of automatic tracking schemes: ultrasonic positioning and infrared tracking. Of these, the anti-interference of ultrasonic tracking is poor and the transmitter requires a power supply, making it very inconvenient to use [33] , [34] . Infrared tracking is therefore used in the proposed system.
Infrared tracking works as follows. The infrared emitting diode of the infrared sensor probe continuously emits infrared rays, and when these fall onto the surface of a dark or black object, the reflected light is weak or even absent. Thus, the phototransistor cannot receive the reflected light, and the sensor output will be high; conversely, when infrared light falls onto the surface of a light or white object, the reflected light is strong enough for the phototransistor to receive the reflected light, and the sensor output will be at a low level.
Black and white tapes are used for infrared tracking in this system. Since tracking is difficult at night [35] , [36] , brightness diodes are added at both ends of the infrared sensor to illuminate the road at night and improve nighttime tracking.
The system uses two five-way tracking sensors manufactured by YWRobot, which are mounted on the front and rear of the mobile car, respectively, and which work separately when the mobile car is moving forward or backward. The five-way tracking sensor has five output pins, corresponding to five infrared probes numbered A, B, C, D and E, respectively. During the tracking process, the tracking sensor has six possible states ( Fig. 3 ). Fig. 3 (a) shows the normal state of system operation. When the states shown in Fig. 3 (b) and (c) occur, the output of infrared probe A is one or zero, whereas the outputs of the infrared probes B, C, D and E are all zero, and the control system moves straight ahead.
When the state shown in Fig. 3(d) occurs, the outputs of infrared probes A, C and E are zero, the output of infrared probe B is one, the output of infrared probe D is zero or one, and the control system turns left until it reaches the state shown in Fig. 3(a) .
When the state shown in Fig. 3 (e) occurs, the outputs of infrared probes A, B and D are zero, the output of infrared probe C is one, and the output of infrared probe E is zero or one, and the control system turns right until it reaches the state shown in Fig. 3(a) .
When the state in Fig. 3 (f) occurs, the outputs of infrared probes A, B, C, D and E are one, and the system reaches the end of its trajectory, undergoing reverse motion or stopping.
2) MODES OF OPERATION
The system has three modes of operation: manual mode, automatic fixed point mode and automatic tracking mode, and these can be set via the web front end of the system.
In manual mode, the upper computer in the Raspberry Pi terminal does not send any commands but simply receives the data sent by the Arduino. The Arduino, when is started, will enter the manual mode within five seconds after receiving the remote control command. In manual mode, the infrared remote control technology can be used to make the system move forward or backward, turn left or right and to acquire information. The manual mode is further divided into a manual tracking mode and a manual fixed mode. A track is not needed in the manual mode for tracking.
In the automatic fixed point mode, the upper computer of the Raspberry Pi terminal sends a fixed point acquisition command to the Arduino every hour. After receiving the data acquisition instruction, the Arduino will conduct a data acquisition to obtain a piece of data.
In the automatic tracking mode, the upper computer at the Raspberry Pi terminal sends an automatic tracking command to the Arduino. After receiving the command, the Arduino will then perform data acquisition of a tracking cycle.
B. TRANSMISSION CONTROL MODULE 1) DATA TRANSMISSION
This system integrates the Raspberry Pi server into the mobile system, which markedly reduces the physical distance between the upper and lower computers. Since the system is characterized by a small amount of communication data and high requirements for the reliability of communication, a Transistor-Transistor Logic (TTL) serial port is used to conduct the communication between the upper computer and the lower computer.
To ensure the reliability and accuracy of information transmission, the data transmission protocol is customized. Table 1 , the length unit is 1 byte. The protocol stack format is designed as follows: the initial character is 0xBB; the final character is 0xEE; the information length is 2 bytes (indicating the length of the data); the command type is 2 bytes (indicating the type of command); there is an extended area of 2 bytes (reserved for future function expansion, with a default of zero); the area number is 1 byte (corresponding to the greenhouse number); the reason for transmission is 1 byte (indicating the reason for transmitting this information); the transmission destination is 1 byte (indicating the receiving end of the information); 0x0A represents the upper computer; 0x0B denotes the lower computer; and the CRC check code is 2 bytes.
As shown in
The specific command types and reasons for transmission are shown in Tables 2 and 3, respectively.
As can be seen from Table 2 , if the second byte of the command type is 0x0A, the information is a control command. In this case, if the body of the information is 0x1A, this means that the lower computer's tracking acquisition instruction is turned on. If the body of the information is 0x1B, the lower computer's fixed-point acquisition instruction is turned on. If the second byte of the command type is 0x0C, this indicates a data transmission instruction and the length of the information body is variable according to the specific transmitted data.
2) PROCESSING OF ACQUIRED DATA
In the process of data collection, due to the interference of several random factors, a small number of outliers can be found among the acquired data, which affect the quality of data acquisition. The system integrates a limiting filtering algorithm with a weighted average filtering algorithm to reduce these singular values in the acquired data.
Two successive samplings are subtracted using the limiting filtering algorithm, and the absolute value of the increment is compared with the maximum difference A allowed by the two samplings. The size of A depends on the specific conditions of the sensor under test. If this is less than or equal to the maximum allowable difference A, the current sampling is valid; otherwise, the last sampled value will be taken as the sample for this data [37] .
The data values are collected 5 times in a row, and analyzed by weighted average filtering algorithm. Then the results are multiplied by different weighting coefficients respectively and accumulated. The weighting coefficients are generally ranked from small to large, in order to highlight the effects of several successive samplings, thus improving the system's understanding of the trend in the parameter changes. The weighting coefficients are decimals whose sum is equal to 1. The accumulated sum after the weighting operation (that is, D in (1)) is the effective sampling value.
where D is the weighted average of N sampling values; X N −i is the N-th sampling value; N is the number of samplings; and C i is the weighting coefficient, which reflects the proportion of the various sampling values in the average [38].
C. BEARING STRUCTURE OF THE SYSTEM
In order to ensure that the system can move in a stable manner at a constant velocity in the greenhouse along the specified route, the chassis shown in Fig. 4 is designed as a carrier for the system. The overall size of the moving car is 30 * 20 * 20 cm, and there is enough space for hardware equipment. The diameter of the wheel is 9.5 cm, guaranteeing good trafficability. , and four geared motors are used as power.
The maximum running velocity of the moving car is 30 cm/s, with a maximum load of 10 kg. An assembly drawing of the mobile greenhouse environment monitoring system, including the design of the above hardware system, is shown in Fig. 5 .
IV. SYSTEM SOFTWARE DESIGN
The design of the system software includes development of the Arduino control program, the upper computer software and the data management system, and the design of the corresponding database. (The software is available on the request)
A. IMPLEMENTATION OF THE ARDUINO CONTROL PROGRAM
The development environment of the Arduino control program is the official Integrated Development Environment (IDE) provided by Arduino, which uses the Arduino language i.e. the various application programming interfaces provided by the Arduino core library file. When the Arduino system is powered on, system initialization is performed, including initialization of the infrared receiving module and the serial communication module, with a baud rate of 9600 for serial communication. The timer is then turned on. If the infrared receiving module receives an infrared remote control command within five seconds, it enters either the manual or automatic mode, and the mode can only be modified by rebooting the system. During operation of the system, the value of the global variable flag is continuously monitored. When the flag is zero, the system moves; when the flag is one, the system stops.
If the system enters the manual mode, it first determines whether the command is an acquisition or a motion command by analyzing the infrared control code. If it is a motion command, the motion of the car (e.g. going forward, backward, left or right) is controlled according to the content of the code. If it is an acquisition command, the system will acquire the environmental data and then upload these data through the serial port. After executing this command, the system enters a waiting state for the next remote command.
If the system enters the automatic mode, then a CRC check will be performed upon receiving the serial port command. If the check is passed, the command will be parsed according to the above mentioned data communication protocol, thereby distinguishing the command type. If it is an automatic tracking acquisition command, a second thread will be started, and this new thread will turn on the timer to ensure that the control system acquires environmental data every 30 seconds. If it is an automatic fixed point acquisition command, data will be acquired once and the system will then wait for the next serial command.
The main thread determines whether or not the end point of the track has been reached by the tracking sensor. If not, the car moves forward until it reaches the end point. Upon reaching the end point, the system determines whether the car has reached the starting point. If not, it moves backwards until it reaches the starting point, stops the motion, ends the second thread, and then waits for the next serial port command.
Rather than supporting multithreading, Arduino uses Pro-toThreads to simulate multithreading with macros. Pro-toThreads can carry out the operating system's functions and also save memory to a certain extent. Fig. 6 shows a flow chart for the Arduino program.
B. IMPLEMENTATION OF THE UPPER COMPUTER SOFTWARE
This system uses Raspberry Pi 3B+ as the server platform. The Raspberry Pi can support a variety of mainstream programming languages. Since Python has the advantages of fast operation and low memory usage, is free and open source, requires no compilation, and is a cross-platform language, it is used as the development language for the server side of the upper computer. In this system, the upper computer does not need to carry out human-computer interaction functions such as data viewing; thus, the upper computer software only runs in the background after being powered on, in the form of a system service.
Once the Raspberry Pi is powered on, it will automatically start the upper computer software in the background, load the required software package and read the set of operational parameters from the database, which mainly concern the operating modes of the equipment, including the automatic tracking, automatic fixed point and manual modes. The peripheral equipment will then be initialized, including the camera and serial port.
The operating mode of the equipment then needs to be determined. If this is the automatic tracking or automatic fixed point mode, a new thread called a timing thread is initiated. The preset time is then read, and based on this, the data acquisition instruction of the corresponding mode is sent through the serial port, using the above mentioned communication protocol, at a fixed time.
The main thread waits for data, which are received via the serial port. All data undergo a CRC check. If the data pass the check, data parsing will be performed; otherwise, these data will be discarded rather than processed, and the main thread will continue waiting for data received via the serial port.
Data analysis is used to determine whether a command is a data command. If so, the capturing thread will be started to capture pictures and save them to the file system. The main VOLUME 7, 2019 thread then saves the data to the database and continues to wait for data received by the serial port. Fig. 7 shows the data stored on the upper computer. Since the carbon dioxide sensor does not have a power supply in the motion mode, data about carbon dioxide are not collected here. Fig. 8 shows the pictures captured by the upper computer.
C. IMPLEMENTATION OF THE DATA MANAGEMENT SYSTEM
The data management system is a human-computer interaction system with functions such as the viewing and managing of real-time and historical data, downloading and saving of acquired data, setting operating parameters and modes.
In order to allow it to run on a Raspberry Pi, the data management system is simple and lightweight. The integrated development environment is Zend Studio, which is developed using the open source Model View Controller (MVC) framework ThinkPHP. The Bootstrap framework is used at the front end, and the ECharts plugin is used to display the charts.
One journey of the system back and forth in the greenhouse is referred to as a data acquisition period, and takes between seven and eight minutes. Within a given data acquisition period, the same acquisition point generates two pieces of data in succession. To reduce the data error for the same acquisition point, the acquired data are processed as follows.
Suppose that n sets of data are obtained within one data acquisition period, and these are denoted as D 1 , D 2 , . . . , D n . The data acquired at the ith acquisition point will be processed as follows:
V. RESULTS AND DISCUSSION
An experiment was carried out in Greenhouse No. 10 of the College of Horticulture Science and Engineering at Shandong Agricultural University. Greenhouse No. 10 is planted with chrysanthemums at various stages of production, and is divided into several planting areas from east to west. Fig. 9 shows the path plan of the greenhouse.
A. ANALYSIS OF DATA ACQUISITION INTERVAL
In the automatic tracking acquisition mode, the system moves at a constant velocity, and the position of the acquisition point can be calculated based on the acquisition time interval between the two sets of data. Hence, the accuracy of the data acquisition interval directly determines the accuracy of the calculated location of the acquisition point. Based on the actual layout of the greenhouse, the system is set to acquire data every 30 seconds by adjusting the velocity of movement of the system. Monitoring data acquired over five full days are used to calculate the time interval between the two successive sets of data from each acquisition period.
A box diagram and histogram are drawn for the sampling time interval, as shown in Fig. 10 . It can be intuitively seen that the time interval for most of the data acquisition is 30 s; the average time interval can be calculated as 29.99 s, thereby indicating that the time interval for data acquisition for the system is accurate.
B. ANALYSIS OF RESULTS
Figs. 11-13 show line charts for the variations in temperature, humidity and illumination in the greenhouse over five consecutive days, and these indicate that the three greenhouse environmental parameters monitored by the system basically conform to the daily variation trends of temperature, humidity and illumination. As shown in Fig. 11 , due to poor ventilation, the temperature in the greenhouse sometimes exceeds 40 • C. Since it was cloudy on the second day, the temperature did not vary as strongly as on the other four days. In order to avoid extremely strong sunlight, the management personnel applied a sunshade net on three of the days, meaning that the temperature in the greenhouse began to decrease at 10 a.m. The variation in the illumination shown in Fig. 13 was also caused by the same factor. The abnormality of the data on the first day was caused by an incorrectly set measurement range for the sensor, and the data were restored to normal after this error was corrected. The experimental results show that this mobile system can effectively monitor the environmental information of the greenhouse. algorithm was conducted from 13:50 pm to 21:00 pm. Data were acquired every five minutes. Fig. 14 shows a comparison of the data filtering curves before and after filtering, based on the acquisition of temperature in the greenhouse. It can be seen that when the limiting filtering algorithm and the weighted average filtering algorithm are integrated, the quality of the acquired data can be effectively improved and meaningless outliers can be reduced. The error rate of the unfiltered data acquisition reaches 3.57%, while that of the filtered data acquisition is zero.
D. COMPARISON OF SERIAL AND GPRS COMMUNICATION
Two sets of Arduino chips are used as the lower computer. Equipment A communicates with the server via the The results are shown in Table 4 . With consistent external conditions, the system with TTL serial port transmission has a data acquisition success rate of 99.65%, and the success rate of the system with GPRS wireless transmission is 93.06%. The reliabiliy of TTL serial port communication is much higher than that of GPRS wireless communication. The use of TTL serial port for data transmission in short-range communication can effectively improve the reliability of the system. Fig. 15 shows a comparison of the data acquired using different sampling modes in one day. Since the illumination is zero at night, only data acquired between 06:00 and 18:00 are compared.
E. COMPARISON OF AUTOMATIC TRACKING ACQUISITION MODE AND AUTOMATIC FIXED POINT ACQUISITION
As shown in Fig. 15 , each time point corresponds to two box lines, where the left side represents data acquired in the automatic fixed point acquisition mode and the right side represents data acquired in automatic tracking acquisition mode. It can be seen that at the same point in time, there are differences in the temperature, humidity and illumination at different locations in the greenhouse. The data acquired in automatic tracking acquisition mode can better reflect the various environmental parameters in the greenhouse, while the data acquired in automatic fixed point acquisition mode deviate from the data acquired in automatic tracking acquisition mode, and this deviation is not regular. Therefore, the data acquired at a single fixed point cannot accurately reflect information about the various parameters in the greenhouse.
To further compare the overall differences between data acquired in automatic fixed point acquisition mode and auto- matic tracking acquisition mode, data acquired in these different modes over five consecutive days are compared ( Fig. 16 ).
In Fig. 16 , the dotted box line represents the data acquired in automatic fixed point acquisition mode, and the solid box line represents the data acquired in automatic tracking acquisition mode. On the whole, there is no significant difference between the data acquired in the two modes; however, there are more discrete points in the tracking acquisition mode, meaning that it has an advantage in terms of monitoring the maximum and minimum values at a given point in time.
To sum up, the automatic tracking acquisition mode outperforms the automatic fixed point acquisition mode in the monitoring of the environmental information of the greenhouse.
VI. CONCLUSION
(i) In this study, a mobile greenhouse environment monitoring system based on the IoT architecture is proposed. A Raspberry Pi and an Arduino chip are combined for the first time in agriculture greenhouse environmental monitoring, with the former serving as the data server and the latter as the master chip for the mobile system. A four-layer system architecture is constructed that provids a motion control function. And all four layers of the architecture are deployed on the mobile system, shortening the physical distance between the data acquisition end and the data processing end, to reduce the cost of data collecting and improve the real-time response to surrounding information and the reliability of data transmission. The system can operate in three modes to realize the automatic collection of multipoint greenhouse environmental information and the capture of pictures of crops with low cost.
(ii) The experimental results show that the system can accurately acquire data based on a set time interval, and that the position of the acquisition point can be accurately determined. With the filtering algorithm integrated, the error rate in data acquisition is zero, and with TTL serial communication, the success rate of data acquisition can reach 99.65%. The system can effectively realize the multi-point monitoring of the environmental information of the greenhouse, such as its temperature, humidity and illumination. The system therefore has high accuracy and reliability. Moreover, the use of a Raspberry Pi in the system can improve the quality of data transmission and the accuracy of monitoring of environmental information, indicating that the Raspberry Pi is of high value in this application.
(iii) An experimental comparison shows that the automatic tracking acquisition mode outperforms the automatic fixed point acquisition mode. The automatic tracking acquisition mode can not only reduce the number of equipment and sensors, but can also reduce the requirements for management and maintenance, and is of great assistance in achieving accurate planting.
This study can not only provide important basic data for intelligent monitoring of greenhouse crops and alarms for abnormalities found in the greenhouse environment, but also can offer a reference for the effective monitoring of other agricultural environments. In future work, deep learning technologies will be used to establish a chrysanthemum growing period assessment model in order to achieve intelligent monitoring of crops. Modeling analysis will be conducted on the changes in greenhouse temperature, humidity and illumination, and the predicted and absolute values of maximum deviation will be combined to achieve monitoring and alarms for abnormalities found in the greenhouse environment with a dynamic threshold.
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